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Irpuct  a«rt*l  1  lvi  rr  *A*ts  w-re  found  to  he  beneficial  In  determining  the 
sensitivity  of  barium* /Freon  *T  combinations.  Because  of  ♦he  widespread 
use  of  nalocarbons  and  po*enMall»  reactive  metals  within  the  Aerospace 
and  Systems  Group  of  North  American  Rockwell  Corporation  it  was  deemed 
prudent  ‘o  extend  the  impact  sensitivity  experiments  to  Include  a  series 
of  metals  and  halocarbons  currently  in  use* 

l-iterature  surveys  disclosed  that  very  little  has  been  written  in  4he 
general  chemical  field  on  barium  and  it*  reactivity.  Only  when  the  litera¬ 
ture  surveys  include  the  pyrotechnics  and  explosives  areas  do  we  heyln  *o 
find  indications  of  fhe  explosive  reactivity  of  barium  and  halocarbons. 

This  same  literature  survey  also  disclosed  that  granular  metals  o*her  than 
barium  have  on  occasion  reacted  unexpectedly  and  explosively  with  halorenated 
solvents,  including  aluminum  powder  with  carbon  tetrachloride  and  aluminum 
powder  with  trichloroethylene.  This  type  of  behavior  of  powdered  or  granular 
metal3  after  exposure  to  supposedly  "safe”  solvents  raises  considerable 
doubt  about  their  safeness”.  The  program  described  herein  was  conducted  to 
determine  ^ust  how  sensitive  to  impact  various  metal  Aalocarbon  slurries 
are,  and  to  determine,  if  possible,  if  a  potential  h&iard  (due  to  impact) 
exist*  in  the  handling  of  more  common  powdered  or  granular  metals  in  eon**c* 
with  a  variety  of  commonly  used  halogenated  solvents.  ”he  combinations 
chosen  for  this  program  are  representative  of  the  kinds  that  are  in  reneral 
use;  they  include  some  combinations  known  to  be  or  likely  to  be  used  in 
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manufacturing  or  laboratory  opera  cions  At.  North  African  HocVv-V  'orponMon. 
Ten  different  kinds  of  metallic  powders  or  granules  worn  *est»^  with  six. 
different,  solvents*  giving  a  tots;  of  sixty  corMna t ions*  A  -rlef  desert p- 
ilon  of  these  psrtiealate^iretallic  materials  and  so\-refi»3  is  as  follows! 
METALS: 


Aluminum  Powder  - 

Kg  Powder 
Ti  Powder 

Bs  Shavings 

Li  Shavings 

Be  Powder 
BeHj  Powder 
Aluminum  Filings  - 


Reynolds  No.  1-511  Atwrixed  Powder.  13  ~  1  microns, 
Reynolds  Mela’s  Company 

30/50  Keah  Atomised,  Harshaw  Ch-mical  Corp. 

Lahore  lery  sample  lav«eled  "  meal",  origin 
unknown. 

Shavings  produced  hr  ratting  up  nominal  S  m  r  1  «r 
granules.  Alfa  Inorganics.  Inc. 

Small  shavings  cut  from  an  ingot,  Lithium  Corp. 
of  America. 

Pine  Powder  (sine  unknown)  Brush  Beryllium  ^orp. 

Pine  Powder  (else  unknown)  Ethyl  Coro. 

Filings  produced  with  a  coarse  rasp  from  a  sheet  of 
commercial  a luminux  (grade  unknown). 


Magnesium  Filings  -  Filings  produced  with  a  coarse  rasp  from  a  sheet  of 

commercial  magnesium  (grade  unknown). 

Boren  Powder  -  95*?  Purity,  average  particle  si«e  less  than  1  -icron, 

American  Po*4sh  and  Chemical  Ccrp. 


SOLVENTS: 


Preon  MF 
CCl-jF 

Freon  Tr 

c2ci3f3 

Camon  Te*ra- 

ehlorlde 

CC1, 


.  Trichloroethylene- 

CvFCl, 

K  A 
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J-'onofluorotrlchloro  methane,  E.  1,  duPon* 
Trichlorofcrlf Inoro  ethane,  S.  I.  duPon* 

Mall ink rod t  Chemical  Works,  Analytical  Reagent 
(Low  Sulfur) 

VallJnkrodt  Chemical  Works,  Ar»lr*ical  Reagen4 
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Solvent*  -  (Continued) 

Perchloroethylene  -  ■» ni th loro* f hvlene ,  Matheson  Solemn  And  Bell, 

Spectrcquality  Reagent 

1,1,1  Trichlortm 

ethane  -  Fethvl  chloroform,  Ma  thee  on  Column  and  Bell, 

CH-jCCl^  Technical  Grade 

The  Impact  sensitivity  ♦est  apparatus  ueed  on  fhis  program  is  a  alirht. 
modification  of  the  Jet  Propulsion  laboratory  (JPL)  impact  sensitivitv 
♦ester.  Basically,  *he  *eet  ie  conducted  by  pu**inp  %  small  sample  (a 
few  milligrams)  of  the  material  to  be  tested  Inside  a  shallow  depression 
In  a  hardened  steel  anvil,  then  dropping  a  steel  hall  of  a  known  weigh1 
from  a  measured  height  so  that  it  strikes  a  hamner  which  Is  in  contact  with 
the  sample*  A  "go"  on  this  tester  is  evidenced  by  either  a  flash  or  a  loud 
noise  or  both.  By  increasing  the  drop  height  after  each  "no  fow  or  1  overt n« 
♦he  height-  after  a  "go"  it  is  possible  to  get  some  idea  of  ♦he  impac* 
sensitivity  of  the  material  beinp  tested.  The  sample  is  sharped  after  each 
"no  go"  so  that  a  fresh  sample  ic  used  for  everr  *est. 

Host  of  the  many  kinds  of  testers  in  current  use  appear  *o  give  a  different 
impact  sensitivity  value  for  the  same  material.  For  ♦his  reason  it  is 
generally  necessary  *o  reference  the  results  obtained  for  a  nev  material 
against  some  ’’ell -characterized  material  *estei  on  *he  sa^e  impact  machine. 
This  type  of  comparison  is  more  meaningful  *han  nn  absolute  value  stated 
in  some  urits  of  vsif’ht  x  heipht  mould  be,  even  though  these  a '-solute  values 
tre  often  quoted  (for  a  ejven  *vpe  of  letter)  as  an  indication  t r  ’he  impact 
sensitivity  of  a  rater!  rl.  T*  •  refererr.e  -a ter) a'  used  in  ♦♦:*  iiwm"  ,-'s 

? 

Composition  B,  a  high  explosive  consisting  o'"  a  Menu  of  ?.0~  -r«  idth 
a  small  amour4  of  vax  added. 
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Host  of  *hs  "fstal -sol  vent  -oninatinns  ♦ftstwi!  were  run  in  an  iden*t,.*i 
manner.  A  quantity  (not  weighed)  of  ‘he  powdered  or  granular  axrple 
sufficient  to  fill  the  cavitv  in  *he  anvP  whs  used  in  each  «»e*.  *fhen 
♦  he  solvent  was  added  in  excess  and  allowed  *o  regain  in  contact  ».rj*h  ‘he 
powder  for  about  a  minute  orior  *o  dropping  the  Hall,  Where  solvent  bad 
a  *endency  to  evaporate*  especially  evident  *dth  Fr*on  HF,  addi’leml 
solvent  vas  added  at  irpanrals  so  ‘bat  an  excess  '-as  present  a*  a'1  *1res 
up  to  the  tire  of  inpac‘. 

With  testa  involving  barium,  it  was  believed  desirable  because  of  *he 
reactivity  of  barium  with  oxygen  and  moisture  *o  riniriae  or  eliminate 
exposure  to  air  prior  to  the  impact  of  the  ball*.  Accordim.lv,  whenever 
barium  was  handled  it  wee  al  ays  done  ir  At,  a  tm'spnere  up  ur^ai  ‘be  * 

sample  could  be  "drowned"  in  the  solvent.  Lithium,  also  reactive,  mn  cu* 
into  shavings  under  an  argon  atmosphere  but  lees  care  was  taken  ‘o  exclude 
air  in  subsequent  operations.  An  attempt  was  made  to  minimise  exposure  to  air 
of  the  aluminum  filings  and  the  magnesium  filings  by  producing  onlv  enough 
filings  at  one?  time  for  a  few  teat*,  ’hen  'estinv  *  ter  very  quicWlv  after¬ 
ward*  In  all  the  other  teats  no  attempt,  was  made  t0  exclude  air  from  the 
matgle  At  any  time. 


•There  is  sore  evidence  trai  modern**  exposure  ;<i  •«tin’r  ‘  1  ilr  ■loes  no* 
materially  affect  i‘«  sensitivity,  •rri  .r  to  juj;  a  t,  vr*ser»*  »*riee 
of  60  ccrbinationr ,  it  had  been  fo-ec  in  a.»  earj  •*■  m-  ‘  •**  bariir*- 

Freor  TF  combination  in  wn.ich  no  3'>.  l*  ex-,  naoe  <*  i;  ^fier 

•he  barium  had  been  cut  into  shaving*  »-*ve  f  Ueb ir*  .  •  .»  •  ’  cun  ~r 

a  5-pound  bali«  This  compares  very  c.ovelv  wi  h  -v  *  n'.-:-  >'  .  inches  wl** 

the  same  5-pound  ball,  found  durir,?  the  ; uvr-»n*  ‘mi**  -■‘-ve  ti-  **pos'ir» 
was  eliminated.  The  difference  between  the  •-Inch  h«i^h*  md  4nch  heigh* 
is  considered  to  be  of  little  significance,  probe1  H  »;!  »h*  experi¬ 

mental  range  of  values  to  be  expected  f r<ar  'his  ”np<*  .f 
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The  maximum  drop  height  capability  of  the  test  apparatus  employed  ?*  *»0 
indies*  With  a  5  pound  ball,  any  material  ‘hat  fails  to  show  any  reaction 
at  50  inches  is  usually  considered  to  be  relatively  Insensitive  to  initiation 
by  impact*  (Composition  B,  previously  mentioned  as  our  reference  material, 
showed  a  505?  probability  of  detonating  at  8  inches  on  our  tester.) 

Ordinarily  the  Impact  sensitivity  heights  reported  in  ‘he  literature  are 
yfl  probability  levels,  although  In  some  Instances  the  heigh*  riven  ie  the 
10£  probability  point*  Both  levels  are  arrived  at  by  some  up  or  down  system 
(normally  Brueeton  series)  of  varying  the  height  from  test  *0  *est  and 
require  that  fairly  large  numbers  of  teats  be  run*  In  the  current  program 
the  objective  was  more  concerned  with  determining  the  approximate  minimum 
height  at  which  a  reaction  occurred,  rather  than  determining  the  statistical 
probability  of  this  event  occurring.  Because  of  ‘he  limited  number  of  'ests 
run  on  each  combination,  it  is  reasonably  certain  that,  ‘he  minimum  heights 
given  for  many  of  the  combinations  in  Table  I  are  higher  ‘ban  would  have 
been  obtained  had  a  larger  number  of  samples  been  tested* 

The  maximum  height  of  50  inches  was  utilised  for  ‘he  initial  ‘eating  of 
most  combinations*  If  ‘hree  consecutive  "no  go*e"  resulted.  It  was 
presumed  that  ‘his  particular  combination  was  insensitive  *0  impact  and  no 
further  tests  were  run  on  ‘his  combination.  If  any  of  *hese  initial  ‘hree 
‘ests  produced  a  detonation  or  flash,  the  height  was  progressively  reduced 
until  a  height  was  reached  where  three  consecutive  tests  filled  to  give  a 
go,  at  Which  point  ‘esting  of  ‘hat  combination  was  stopped.  'Therefore  the 
values  given  in  Table  I  are  those  heights  at  which  a  reaction  occurred  at 
least  cnoe  out  of  ‘hree  attempts. 


vra.ro*.., _ 
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Looking  at  Table  I,  a  number  of  ♦hinge  am  evident.  Probably  the  moot 
evident  ie  that  combinations  with  barium  are  definitely  *he  most  sensitive 
of  all  the  combinations  tried.  This  sensitivity,  greater  even  *han  lithium 
combinations,  ie  at  firet  glance  rerv  surprising,  since  lithium  ie  a  member 
of  the  extremely  reactive  alkali  metal  series,  and  is  higher  in  *he  electro¬ 
motive  series  than  barium.  However,  ♦he  German  references  also  showed  the 
barium  elurries  to  be  bofh  more  sensitive  to  initiation  and  more  violent 
in  *heir  reaction  *han  lithium  elurries  vlth  ‘he  same  halocarbon.  *he  value 
of  4  Inches  at  which  a  flash  occurred  (as  mentioned  previously,  an  earlier 
series  of  tests  had  given  a  value  of  3  inches)  indicates  that  ‘he  barium- 
Freon  TP  combination  is  a  very  has&rdous  one.  In  fact.  Freon  *P  combinations 
were  among  the  moot  reactive  with  all  the  metals  tested. 

The  tens  "detonation"  aa  used  here  indicates  that  a  loud  noise,  usuallv 
accompanied  by  a  bright  flash  and  smoke,  were  produced.  Ihere  wee  alec 
a  strong  pungent  odor  produced,  and  the  teat  apparatus  and  Immediate  vieini'v 
were  covered  with  a  film  of  gray  or  blaek  material.  None  of  the  original 
sample  was  found  In  the  apparatus. 

Where  only  flash  or  heavy  sparking  was  recorded,  the  only  noise  that  could 
be  deteeted  was  the  background  nolee  produced  hr  the  lmpeet  of  the  ball 
striking  the  teat  apparatus*  In  these  instances  pert  of  *he  original  ‘set 
sample  was  found  to  be  still  in  the  apparatus,  .lust  as  it  vns  when  there 
was  no  evidence  of  a  reaction. 

Table  I  shove  that  none  of  the  metals  gave  a  positive  reaction  with  1,1,1 
‘richloroe thane  (methyl  chloroform).  Tbit  might  indicate  that  ‘hie  would 
be  a  safe  solvent  to  use*  Unfortunately,  this  conclusion  Is  not  necessarily 
a  valid  one*  Although  the  tests  ehow  that  1,1,1  trlehloroethane  Is  safer. 
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it*  composition  is  wry  t«!  nilar  to  acme  of  the  other  solvent®,  so  th*t  under 
th«  proper  cenditi^ns  it  might  react,  much  as  these  other  solvent®  do. 

Based  on  the  rsrul  s  of  this  program  and  on  the  limited,  brief  literature 
search,  ♦here  is  j  :eiini.s  potential  haaard  in  handling  granulated  metal- 
h.ilogsnated  *olv».«*  cowbii»  itions .  Serious  consideration  should  given  ‘o 
the  >ure  of  nonh&lot.e.ated  solvents  whenever  possible,  even  if  it  means 
increasing  the  flamability  hazard  of  the  operation*  Adequate  measures 
(ventilation,  inert  atmospheres,  grounding,  etc*)  can  usually  be  taken  *o 
reduce  this  flammability  ha sard. 

The  use  of  an  ever*- increasing  variety  of  new  metals  and  alloys  in  industry 
may  produce  some  very  sensitive  combinations  if  *hese  materials  are  exposed 
to  halogens ted  solvents*  Before  any  halogens ted  solvents  are  used  with 
povders,  shavings,  chips,  etc.  of  these  new  metals  or  alloys  »he  reactivity 
should  be  determined  by  some  sort  of  impact  sensitivity  ‘«®t*  as  a  minimum 
requirement.  It  might  be  wise  to  run  other  sensitivity  ♦ests  as  well, 
since  a  combination  which  appears  to  be  insensitive  to  impact  may  be  sensi¬ 
tive  to  another  mode  of  initiation* 

These  precautionary  measures  with  halooarbons  are  probably  not  necessary 
when  handling  large  place®  of  sheet  metal,  billet*,  eastings,  or  machined 
parts,  proper  care  is  taken  to  previously  ensure  the  removal  of  chips, 
cuttings,  filing!,  and  grindings  from  the  parent  material. 


MINIMUM  IMPACT  SSNSITIVITY  HBIOH*  (inohes) 
(5-lb  Ball) 


lunbar  -  Haight  in  Inches  at  which  detom ti on  occurred. 

-  No  reaction  a*  50  inches. 

Nuaber  -  Height  in  Inches  at  which  flash  or  heavy  sparking  occurred 


